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▼Microsatellites are viewed by many as ideal genetic mark-
ers and their applicability for identifying relationships in
natural populations is well documented (Ref. 1, 2). They
are highly polymorphic, predominantly selectively neutral,
2−5 bp repeated sequences that occur scattered abundantly
throughout the genomes of all higher organisms (Ref. 3,
4). Microsatellite polymorphism is quantified using PCR
(Ref. 5) and polyacrylamide gel electrophoresis, enabling
small amounts of poor-quality DNA to be typed to single
nucleotide resolution, simplifying comparison between ex-
periments and laboratories (Ref. 6).
In general, microsatellites are considered highly species-
specific. However, recent evidence suggests that many mi-
crosatellites will work within the same genus, and often
further (Ref. 7, 8, 9, 10). Such markers are highly desir-
able, enabling direct comparisons between species. Un-
fortunately, the process of identifying polymorphic loci
that work across a variety of species is frustrating. Loci
often fail to amplify or are monomorphic. Alternatively,
the polymorphic locus is obscured by ‘stutter’ bands or
products resulting from non-specific amplification. Time-
consuming optimization can eventually eliminate many
of the artefactual bands. However, this is not a trivial
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task when numerous primer sets and species are being
investigated.
A variety of enhancers of PCR have been described.
Dimethylsulphoxide (DMSO) (Ref. 11), formamide (Ref. 12)
and tetramethylammonium chloride (TMAC) (Ref. 13, 14)
have all been shown to increase the specificity of PCR. I
have examined each of these PCR enhancers and assessed
their utility for cross-species microsatellite typing.
A panel of four pinniped species (Fig. 1) was amplified
and screened for 13 microsatellite markers as described
(Ref. 6). Five sets of duplicate amplifications were initiated
as follows: (1) a control containing the standard reaction
mix and no additional additives, (2) the control conditions
plus 10% DMSO final concentration, (3) the control con-
ditions plus 2.5% formamide final concentration, (4) the
control conditions plus 60 mM TMAC final concentration,
(5) the control conditions plus 60 mM TMAC and 2.5%
formamide final concentration.
Both formamide and DMSO increased the specificity of
the amplification reaction for the majority of loci under
low stringency conditions (Fig. 1). Unfortunately, DMSO
inhibited PCR (Ref. 15), resulting in dramatically lowered
product yields, whilst formamide failed to enhance the am-
plification in some cases. Satisfactory results were observed
with TMAC. The addition of TMAC to the reaction mix
resulted in the specific amplification of all of the test loci
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FIGURE 1. A pinniped panel amplified with the microsatellite locus PV17 under a variety of conditions. Four pinniped species, representing the two
major groups Otariidae and Phocidae, were amplified with the harbour seal microsatellite locus PV17 under the following conditions: (1) the standard
reaction mix containing no additional additives (Ref. 6); (2) the control conditions plus 10% DMSO final concentration; (3) the control conditions plus
2.5% formamide final concentration; (4) the control conditions plus 60 mM TMAC final concentration; (5) the control conditions plus 60 mM TMAC and
2.5% formamide final concentration. The amplification products were resolved on a 6% denaturing polyacrylamide gel and were loaded from left to right
as follows: (a) harbour seal, (b) grey seal 1, (c) grey seal 2, (d) fur seal 1, (e) fur seal 2, (f) monk seal 1, (g) monk seal 2, (h) negative control.
under low stringency conditions without any inhibitory
effects on the reaction. However, the addition of TMAC in
conjunction with formamide offered a superior enhance-
ment in specificity and an increase in product yield for all
the test loci (Fig. 1).
To conclude, TMAC with formamide (TMACIDE) offers
both an enhancement in specificity and an increase in the
yield of PCR products. Employing TMACIDE in the reaction
mix effectively eliminates the need for extensive optimiza-
tion of the PCR and will certainly ease future cross-species
primer screening projects.
References
1 Amos, W. and Pemberton, P. (1992) Curr. Opin. Genet. Dev. 2, 857–860.
2 Bruford,M.W. andWayne, R.K. (1993)Curr. Opin. Genet. Dev. 3, 939–943.
3 Tautz, D. and Renz, M. (1984) Nucleic Acids Res. 12, 4127–4138.
4 Tautz, D. (1989) Nucleic Acids Res. 17, 6463–6471.
5 Saiki, R.K. et al. (1988) Science 239, 487–491.
6 Allen, P.J. et al. (1995) Mol. Ecol. 4, 653–662.
7 Moore, S.S. et al. (1991) Genomics 10, 654–660.
8 Fredholm, M. and Winterø, A.K. (1995) Mamm. Genome 6, 11–18.
9 Stallings, R.L. (1995) Genomics 25, 107–113.
10 Blanquer-Maumont, A. and Crouau-Roy, B. (1995) J. Mol. Evol. 41,
492–497.
11 Bookstein, R. (1990) Nucleic Acids Res. 18, 1666.
12 Sarkar, G., Kapelner, S. and Sommer, S.S. (1990) Nucleic Acids Res. 18,
7465.
22 www.sciencedirect.com
Technical Tips Technical Tips Online, Vol. 2, 1997
13 Hung, T., Mak, K. and Fong, F. (1990) Nucleic Acids Res. 18, 4953.
14 Chevet, E., Lemaıˆtre, G. and Katinka, M.D. (1995) Nucleic Acids Res. 23,
3343–3344.
15 Geldford, D.H. (In) and Erlich, H.A. (Eds.) (1989) Erlich, H.A. (Ed.). PCR
Technology: Principles, Applications For DNA Amplification, Stockton
Press 17–22.
www.sciencedirect.com 23
